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????????
????? Besov and Triebel-Lizorkin spaces associated to
non-negative self-adjoint operators
??????????????Besov ??
Triebel-Lizorkin???
?????? ??
????????Gauss ??????????????????????????? Besov ??
Triebel-Lizorkin ????????????????????????????Rn ?? Besov ??
Triebel-Lizorkin??? Lebesgue, (fractional) Sobolev, Hardy, BMO, Holder-Zygmund?????
??????????????????????????????????????????????
Kerkyacharian-Petrushev??????????? Besov?? Triebel-Lizorkin??????????
?????????????????? ([1])?????????????????????????
????????????(X; ; )? doubling???? doubling???? non-collapsing?????
??????????????????L2(X; d)???????????L ??????? [1]?
??L ????Gauss??????? Holder ????????????????L ???? Besov
?? Triebel-Lizorkin???????????????
?? 1. ([1]) 0; 2 S(R0)?????????????8<:supp0 2 [0; 22]; j0()j  c > 0 for  2 [0; 23=2];supp 2 [2 2; 22]; j()j  c > 0 for  2 [2 3=2; 23=2]:
???? j = 1; 2;    ?????j() = (2 2j)????
(i) s 2 R, p 2 (0;1], q 2 (0;1]?????L ???? Besov?? Bs;Lp;q (X)??????????
?????? f 2 S 0L (X)?????????
(1) kfkBs;Lp;q (X) :=
0@ 1X
j=0
2jsj(L )fqLp(X;d)
1A1=q :
1
(ii) s 2 R, p 2 (0;1), q 2 (0;1]?????L ???? Triebel-Lizorkin?? F s;Lp;q (X)?????
??????????? f 2 S 0L (X)?????????
(2) kfkF s;Lp;q (X) :=

0@ 1X
j=0
j2jsj(L )f jq
1A1=q

Lp(X;d)
:
?????? 0;??????????????Kerkyacharian-Petrushev ??? Peetre ???
???????????
?? 1. ([1, Lemma 6.4]) t > 0, r > 0???? 2 S(R0)?? supp  [0; t2]?????????
?? c > 0?????????? f 2 S 0L (X)???????????????
sup
y2X
j(L )f(y)j
(1 + t(x; y))d=r
 c[M(jgjr)(x)]1=r; x 2 X:
????d?X ? \??"?M ? Hardy-Littlewood?????????
???????????L ???? Holder ??????????????L ???? Besov ?
? Triebel-Lizorkin ?????????????? Gauss?????????? Holder ?????
??????????????????????????? [1]????????????????
Holder???????????????[1]?????????????? Peetre ????????
? (Lemma 1)???????????????????????????????????L ???
? Holder?????????????????????????
???Chapter 3 ???L ????? Besov?? Triebel-Lizorkin??????????????
?? 2. (Denition 3.2 in Chapter 3) s 2 R, q 2 (0;1]????0; 2 S(R0)?????? "??
????M > s=2 ???,????????????
(3)
8>>><>>>:
j0()j  c > 0 for  2 [0; 23=2"];
j()j  c > 0 for  2 [2 3=2"; 23=2"];
 7!  M() belongs to S(R0):
???? j = 1; 2;    ?????j() = (2 2j)????
(i) p 2 (0;1]?????L ????Besov??Bs;Lp;q (X)????? (1)????????? f 2 S 0L (X)
?????????
(ii) p 2 (0;1)?????L ???? Triebel-Lizorkin?? F s;Lp;q (X)????? (2)???????
?? f 2 S 0L (X)?????????
????? Bs;Lp;q (X)? F s;Lp;q (X)???? (0;)??????????.
?? 1. (Denitions 3.3 and 3.4 in Chapter 3) s 2 R, q 2 (0;1] ????(0;) ? (e0; e) ??
?? M > s=2 ???? (3) ???????????? j = 1; 2;    ?????j() = (2 2j),ej() = e(2 2j)????
(i) p 2 (0;1]????????????????????0@ 1X
j=0
2jsej(L )fqLp(X;d)
1A1=q 
0@ 1X
j=0
2jsj(L )fqLp(X;d)
1A1=q ; f 2 S 0L (X):
2
(ii) p 2 (0;1)????????????????????
0@ 1X
j=0
j2jsej(L )f jq
1A1=q

Lp(X;d)


0@ 1X
j=0
j2jsj(L )f jq
1A1=q

Lp(X;d)
; f 2 S 0L (X):
Chapter 3???Bs;Lp;q (X), F s;Lp;q (X)??????????????
SL (X) ,! Bs;Lp;q (X) ,! S 0L (X); SL (X) ,! F s;Lp;q (X) ,! S 0L (X)
??????????????? Littlewood-Paley??????????
?? 2. (Theorem 3.14 in Chapter 3) s 2 R, q 2 (0;1]????0; 2 S(R0)????????
M > s=2???? (3)????????
(i) p 2 (0;1]????
kfkBs;Lp;q (X)  k0(L )fkLp(X;d) +
Z 1
0
t sq
(t2L )fq
Lp(X;d)
dt
t
1=q
; f 2 S 0L (X):
(ii) p 2 (0;1)????
kfkF s;Lp;q (X)  k0(L )fkLp(X;d) +

Z 1
0
t sqj(t2L )f jq dt
t
1=q
Lp(X;d)
; f 2 S 0L (X):
Chapter 4???Bs;Lp;q (X)? F s;Lp;q (X)???????????????????????????
??lifting property????????????????????????????????????L
???????????????????
?? 3. (Denition 4.2 in Chapter 4) K;S 2 N0????Q 2 Dk (k 2 N0)????????Dk?X
??????? 2 k ? \dyadic cube"?????? (Lemma 4.1 in Chapter 4 ???)????
(A) k 2 N?????? aQ 2 L2(X; d)?m 2 fK;Sg??????? (a), (b), (c)???????aQ
? Q????? (K;S)-???????
(a) aQ 2 D(Lm).
(b) supp(LmaQ)  B(zQ; C2 k)?????zQ ? Q? \??"??? (cf. Lem. 4.1 in Chap. 4)?
(c) ess supx2X jLmaQ(x)j  22km[(Q)] 1=2.
(B) k = 0?????? aQ 2 L2(X; d)?m 2 fK; 0g????? (a), (b), (c)???????aQ ?
Q????? (K;S)-???????
Bs;Lp;q (X)??????????????? (F s;Lp;q (X)????????????????)?
?? 3. (Theorem 4.4 in Chapter 4) s 2 R, p 2 (0;1), q 2 (0;1)????K ?????????
S ? s=2???????????????????? C > 0????????? (K;S)-?????
faQgQ2[k2N0Dk ????????? w = fwQgQ2[k2N0Dk ????
1X
k=0
X
Q2Dk
wQaQ

Bs;Lp;q (X)
 Ckwkbsp;q
??????????bsp;q ? [2]??????????????
3
????? C 0 > 0??????????????? f 2 Bs;Lp;q (X) ???? K;S 2 N0 ?????
(K;S)-????? faQgQ2[k2N0Dk ??
kwkbsp;q  C 0kfkBs;Lp;q (X)
??????? w = fwQgQ2[k2N0Dk ?????
f =
1X
k=0
X
Q2Dk
wQaQ
???????????????? S 0L (X)???????????
Chapter 5 ???homogeneous???? _Bs;Lp;q (X)? _F s;Lp;q (X) ????????????????
??? _F 0;Lp;2 (X)?H
p
L (X) ?????????????????
Chapter 6 ????????????????????? stratied Lie groups??????????
G? stratied Lie group???G????? sub-Laplaican ????????????????
?????Chapters 3{5 ????????Bs;p;q (G), F s;p;q (G), _Bs;p;q (G), _F s;p;q (G)?????????
?????,??????????(a) Bs;p;q (G), F s;p;q (G), _Bs;p;q (G), _F s;p;q (G)? ????????
(Theorem 6.7 in Chapter 6)?(b) G?????????????? _Bs;p;q (G)-????? _F s;p;q (G)-?
?? (Theorem 6.11 in Chapter 6)?
Chapter 7???X?????????L ?X??Laplace-Beltrami??????????F 0;Lp;2 (X)
???????????????? Hardy??Hpmax;L (X)?????????.
????
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